Introduction
Earth's most abundant renewable organic material, the lignocellulosic biomass, is the credible source of bioenergy and commodity chemicals, which can be made economically viable through identification of cellulase-producing bioagents having capability to accelerate the conversion of cellulose to glucose.
Cellulose is a crystalline structure having tightly packed bundles of microfibrils, which prevents penetration of hydrolytic enzymes and its enzymatic conversion to glucose. Owing to the physical nature of the substrate, the enzymatic conversion of cellulose to glucose is slow and economically unviable. The β-1,4 endoglucanase acts randomly along the cellulose chains. It produces small cellulose fragments and generates new sites on which exoglucanases act to produce cellobiose or oligosaccharides. The synergistic action of the enzymes endo-1,4-glucanase (E.C. 3.2.1.4), exo-1,4-glucanase (E.C. 3.2.1.91), and 1,4-β-D glucosidases (E.C. 3.2.1.21) is required for complete hydrolysis of cellulose [8] .
β-1,4-Endoglucanase has many applications in same industries. It is used to remove color from denim to impart a good stonewashing effect [11] . In detergents, β-1,4-endoglucanase is used as an additive for color brightening, softening, and removal of soil particulate matter [21] . Furthermore, β-1,4-endoglucanase decreases the viscosity of β-glucan solution by random cleaving of the glycosidic bond of β-glucan. This process is useful in beer brewing and improving the quality of animal feed [8] . To date, numerous cellulases have been isolated and characterized from bacteria, fungi, and animal species [8] .
The microbial origin cellulase genes have been cloned and the nucleotide sequences of some of the endoglucanse genes have been identified [25] . The study of cellulolytic enzymes at the molecular level revealed that some of the modular features of these enzymes are attributable to their catalytic activity [17] . The sequence comparison indicated that the catalytic cores of cellulase belong to a restricted number of families with significant diversity in their activities [2] . Cellulases produced by two Bacillus strains isolated from hot springs of Zimbabwe exhibited 100% homology with the endoglucanase of Bacillus subtilis and belonged to GH 5 [9] . The endoglucanase of B. licheniformis A total of 10 cellulase-producing bacteria were isolated from soil samples irrigated with paper and pulp mill effluents. The sequencing of 16S rRNA gene revealed that all isolates belonged to different species of genus Bacillus. Among the different isolates, B. subtilis IARI-SP-1 exhibited a high degree of β-1,4-endoglucanase (2.5 IU/ml), β-1,4-exoglucanase (0.8 IU/ml), and β-glucosidase (0.084 IU/ml) activity, followed by B. amyloliquefaciens IARI-SP-2. CMC was found to be the best carbon source for production of endo/exoglucanase and β-glucosidase. The β-1,4-endoglucanase gene was amplified from all isolates and their deduced amino acid sequences belonged to glycosyl hydrolase family 5. Among the domains of different isolates, the catalytic domains exhibited the highest homology of 93.7%, whereas the regions of signal, leader, linker, and carbohydrate-binding domain indicated low homology (73-74%). These variations in sequence homology are significant and could contribute to the structure and function of the enzyme. of the same family has also been reported [3] .
Soils irrigated with untreated pulp and paper mill effluent over the years contain high alkalinity and organic matter. Irrigation with such effluents facilitates growth of lignocellulose degraders in these soils. Hence, these soils can be explored for mining of novel microbes and genes involved in the hydrolysis of cellulose. Studies conducted in the past have also reported a dominance of culturable lignocellulose degraders in such habitats [24, 27] . Nonetheless, the diversity of cellulolytic bacteria and endoglucanase has not been explored extensively. The aim of this study was to explore the diversity of cellulolytic bacteria and the allelic variation in their endoglucanase genes. The sequences of these genes have been compared with known cellulase genes and their modular structures have been defined. Additionally, characterization of the enzyme was carried out for prediction of its protein based on sequences of genes amplified from different bacteria.
Materials and Methods

Sample Collection
The Century Pulp and Paper Mill, Lalkuan, Uttarakhand (79°E10'E longitude and 29°3'N latitude) is one of the largest paper and pulp mills of India. The untreated effluent of this mill is utilized for irrigation of nearby agricultural lands. The soil samples were collected from these agricultural lands and transported immediately to the laboratory for further processing.
Isolation and Screening of Cellulase-Producing Microorganisms
Carboxymethyl cellulase (CMCase)-producing bacteria were isolated by using carboxymethyl cellulose (CMC) agar containing 0.5% CMC; 0.1% NaNO 3 ; 0.1% K 2 HPO 4 ; 0.1%, KCl; 0.05% MgSO 4 ·7H 2 O; 0.05% yeast extract; and 1.5% agar, pH 7.0. All colonies were picked and spot inoculated in Reese's minimal medium (RMM) containing 1% CMC to confirm their cellulase production potential, as described by Pandey et al. [16] . The substrate specificity of the crude enzyme was determined by performing the assay with different substrates; Avicel, CMC, and rice straw. All experiments were conducted in triplicates (n = 3).
Molecular Identification of Bacterial Isolates
For molecular characterization of the isolates, 16S rRNA gene sequencing was done. Isolation of genomic DNA was carried out by a standard DNA extraction protocol [20] . The extracted DNA was used as the template for PCR amplification of the 16S rRNA gene using universal 16S rRNA gene primers pA (5'-AGAGTT TGATCCTGGCTCAG-3') and pH (5'-AAGGAGGTGATCCAG CCGCA -3') to obtain a product of approximately 1,500 bp [4] . Aliquots of purified 16S rRNA PCR products were digested separately with three different restriction endonucleases (AluI, MspI, and HaeIII) in a 25 µl reaction volume by using the manufacturer's recommended buffer and temperature. Restricted DNA was analyzed on 2% agarose gels. Strong and clear bands were scored for similarity and clustering analysis using the NTSYS-2.02e software package, Exeter software (http://www. exetersoftware.com/). Similarity among the isolates was calculated by Jaccard's coefficient and a dendrogram was constructed using the UPGMA method [12] . The 16S rRNA gene was sequenced by Xcelris Labs (Ahmedabad, India) using Sanger's dideoxynucleotide sequencing method. A similarity search for the sequence was carried out using the BLAST program of the National Center of Biotechnology Information (http://www.ncbi.nlm.nih.gov/).
Hydrolytic Enzyme Production on Different Cellulosic Substrates
For enzyme production, cellulase-positive isolates were cultured in RMM (KH 2 PO 4 -2 g, (NH 4 ) 2 SO 4 -1.4 g, KNO 3 -1.4 g, MgSO 4 ·7H 2 O -0.3 g, CaCl 2 ·2H 2 O -0.3 g, FeSO 4 ·7H 2 O -5 mg, MnSO 4 ·2H 2 O -1.6 mg, ZnSO 4 ·7H 2 O -1.4 mg, CoCl 2 ·6H 2 O -2 mg, Agar -20 g, Distilled water -1,000 ml) supplemented with CMC (1%), α-cellulose (1%), Avicel PH101 (1%), Sigmacell 101 (1%), or rice straw (1%) as the sole carbon source at 30°C and pH 7.0 ± 0.2. After 72h of incubation, culture broths were centrifuged at 10,000 ×g for 15 min at 4ºC. The supernatant was collected and stored at 4ºC for further enzyme assays. The substrate specificity of the crude enzyme was determined by performing the assay with different substrates; Avicel, CMC, and rice straw. All experiments were conducted in triplicates (n = 3).
Enzyme Assays
The β-1,4-endoglucanase (CMCase) and β-1,4-exoglucanase (FPase) activity was determined by using CMC and Whatman no 1 filter paper, respectively, as substrate [5] and measuring the amount of reducing sugar [12] . One unit (IU) of filter paper activity or CMCase corresponded to 1 µmole of glucose formed per minute during hydrolysis. The β-glucosidase activity was assayed by measuring the amount of p-nitrophenol released from p-nitrophenyl-β-D-glucopyranoside [26] . One unit (IU) of β-glucosidase activity was defined as the amount of enzyme releasing 1 µmole of p-nitrophenol per milliliter of crude enzyme per minute.
Designing of Primers and Amplification of β-1,4-Endoglucanase
Thirty-five sequences of bacterial β-1,4-endoglucanase were retrieved from NCBI GenBank. The amino acid sequences of these genes were aligned using T-Coffee alignment (http://www.ebi.ac.uk/ Tools/msa/tcoffee/). The alignment of the Bacillus sequences was further used in the primer design for amino acid positions 1 to 5 (MKRSI) and 505 to 509 (GTEPN) to obtain a complete coding region of β-1,4-endoglucanases. The degenerate primers endo-F (5'-ATGAARMGIWSIATH-3') and endo-R (5'-RTTIGGYTCIGTNCCC-3') amplified approximately 1,500 bp of the β-1,4-endoglucanase gene. PCR conditions were optimized by gradient PCR by keeping the reactions at different annealing temperatures ranging from 51°C to 56°C. The final reaction mixture (25 µl) contained each
